While narrow absorption lines (NALs) are relatively stable, broad absorption lines (BALs) and mini-BAL systems usually show violent time variability within a few years via a mechanism that is not yet understood. In this study, we examine variable ionization state (VIS) scenario as a plausible mechanism, as previously suspected. Over three years, we performed photometric monitoring observations of four mini-BAL and five NAL quasars at z em ∼ 2.0 -3.1 using the 105 cm Kiso Schmidt Telescope in u, g, and i-bands. We also performed spectroscopic monitoring observation of one of our mini-BAL quasar (HS1603+3820) using the 188-cm Okayama Telescope over the same period as the photometric observations. Our main results are as follows: (1) Structure function (SF) analysis revealed that the quasar UV flux variability over three years was not large enough to support the VIS scenario, unless the ionization condition of outflow gas is very low. (2) There was no crucial difference between the SFs of mini-BAL and NAL quasars. (3) The variability of the mini-BAL and quasar light curves was weakly synchronized with a small time delay for HS1603+3820. These results suggest that the VIS scenario may need additional mechanisms such as a variable shielding by X-ray warm absorbers.
Introduction
Quasars are useful background sources when investigating objects along our lines of sight. The absorption features in quasar spectra (i.e., quasar absorption lines; QALs) are usually classified into intervening QALs, which originate in intervening galaxies and the intergalactic medium, and intrinsic QALs, whose origin is physically associated to the background quasars. The latter comprise the accelerated gas outflow from the quasars themselves.
The gas outflow can be accelerated by several possible mechanisms: radiation pressure in the lines and continuum (Murray et al. 1995; Proga et al. 2000) , magnetocentrifugal force (Everett 2005) , and thermal pressure (Chelouche & Netzer 2005) . However, the primary mechanism of the gas outflow is poorly understood. The outflow winds are important because (1) they eject angular momentum from the quasar accretion disk and promote accretion of new gas (Murray et al. 1995; Proga et al. 2000) , (2) they expel large amounts of energy and metallicity, thus contributing to the chemical evolution of the local universe (Moll et al. 2007; Di Matteo et al. 2005) , and (3) they regulate star formation in nearby interstellar and intergalactic regions.
Broad absorption lines (BALs), defined as lines with a full width at half maximum (FWHM) exceeding 2,000 km s −1 (Weymann et al. 1991) , have been routinely used in outflow wind studies. However, the line parameters (e.g., column density and line width) of BALs cannot be measured by model fitting because the line profiles are hopelessly blended and saturated. On the other hand, mini-BALs (with FWHMs of 500 -2,000 km s −1 ) and narrow absorption lines (NALs; with FWHMs ≤ 500 km s −1 ) contain internal structures that can be model-fitted to probe their properties (e.g. Misawa et al. 2005 Misawa et al. , 2007b . The observed BALs, mini-BALs, or NALs depend on the viewing angle to the outflow stream (Murray et al. 1995; Ganguly et al. 2001 ). The detection rates of BALs, miniBALs, and NALs are ∼10-15%, ∼5%, and ∼50%, respectively , which probably indicate the global covering fraction of the absorbers around the continuum sources.
Around 70 -90% of BALs are time-variable within 10 years (Gibson et al. 2008; Capellupo et al. 2011 Capellupo et al. , 2012 Capellupo et al. , 2013 . As an extreme case, the measured C IV BAL variability of SDSSJ141007.74+541203.3 is only 1.20 days in the quasar restframe (Grier et al. 2015) representing the shortest timescale of absorption line variability ever reported. Recently, Misawa, Charlton and Eracleous (2014) monitored the spectra of mini-BAL and NAL quasars, and found that only the former shows significant time variability in its absorption lines.
However, the physical mechanisms of the absorption line variability remain unclear. To date, three scenarios have been proposed: (1) gas clouds crossing our line of sight (the gas motion scenario), (2) variable attenuation by flux that is redirected toward our line of sight by scattering material around the quasar (the reflection scenario), and (3) changing ionization levels in the outflow gas (the variable ionization state (VIS) scenario). Misawa et al. (2005 Misawa et al. ( , 2007b spectroscopically monitored the C IV mini-BAL in the quasar HS 1603+3820 for more than four years. They found multiple troughs in the mini-BAL that vary in concert. This finding eliminates the gas motion scenario (at least in 1603+3820) because it implies simultaneous crossing of gas clouds over our line of sight, which is unlikely. also rejected the reflection scenario, because in spectropolarimetric observations of the same mini-BAL system, the fraction of polarized flux (i.e., the flux redirected by scattering material) is only ∼0.6 %, too small to support the reflection scenario. Gibson et al. (2008) found no correlations between quasars and absorption lines variability in 13 BAL quasars. On the other hand, Trévese et al. (2013) simultaneously monitored the equivalent widths (EWs) of BALs and the ultraviolet (UV) luminosities of their host quasars (i.e., ionizing photon density) and found clear correlations in a single quasar, supporting the VIS scenario. The VIS scenario has not been tested in mini-BAL / NAL quasars and is still being debated.
In this study, we verify the VIS scenario in the light curves of four mini-BAL quasars and five NAL quasars (hereafter, quasar variability 1 ). We also search for possible correlations between the outflow and quasar parameters, as discussed in the literature (e.g. Giveon et al. 1999 (G99, hereafter) 
Observation and Data Analysis

Sample Selection
Our samples are selected based on availability of multi-epoch high dispersion spectroscopic studies in Misawa, Charlton and Eracleous (2014) . We sampled four mini-BAL quasars (HS1603+3820, Q1157+014, Q2343+125, and UM675) and five NAL quasars (Q0450-1310  2 Q0940-1050, Q1009+2956,   Q1700+6416 , and Q1946+7658), whose absorption line variabilities (or non-variabilities) have been already studied by Misawa, Charlton and Eracleous (2014) 
Imaging Observations
Photometric observations were performed by the 105-cm Kiso Schmidt Telescope with a Kiso Wide Field Camera (KWFC, Sako et al. 2012) . The eight 2K×4K charge coupled devices (CCDs) in the KWFC provides a field-of-view (FoV) of 2.2
• . Since five of our nine quasars are located in the Sloan digital sky survey (SDSS) field, our photometry used the SDSS (u, g, and i) filters instead of the Johnson filters. Moreover, as the u-band is less sensitive than the g-and i-bands, we adopted a 2 × 2 binning mode (1.89 arcsec/pixel) for the u-band observations. The quasars were repeatedly observed from April 14, 2012
1 On the other hand, changes in the absorption strength/feature are referred to as the "absorption line variability" 2 Although this quasar was not studied in Misawa, Charlton and Eracleous (2014) , we sampled it because it hosts a reliable intrinsic NAL confirmed by (Misawa et al. 2007a) .
to October 16, 2014, with a typical monitoring interval of three months, representing the typical variability time scale of BALs (e.g., Capellupo et al. 2011 Capellupo et al. , 2012 Capellupo et al. , 2013 . Observation logs of the individual quasars are summarized in Table 2 . The log excludes Q0450-1310 and Q1946+7658 in the u-band because the continuum fluxes of these quasars are heavily absorbed by the foreground intergalactic medium (i.e., Lyα forest). Bias subtraction, flat-fielding, sky subtraction, and World coordinate system matching were performed by an automatic analysis pipeline. The same pipeline was used for supernova discoveries in the Kiso Supernova Survey (KISS) project ).
Relative Photometry
The extraction and magnitude measurements of quasars and comparison stars were performed by SEXTRACTOR (Bertin & Arnouts 1996) . Regions crowded with stars were selected by the flux estimation code FLUX BEST.
Since we mainly investigate the light curves of quasars (i.e., the relative magnitudes between observing epochs), we do not need to measure their true magnitudes. Therefore, we performed relative photometry by simultaneously monitoring the quasars and effective photometric standard stars (hereafter called comparison stars) near the quasars. The comparison stars were selected as follows. We chose two (unsaturated) bright stars near the target quasars in the same CCDs and investigated their relative magnitudes ∆m (= |ms1 − ms2|), where ms1 and ms2 are the magnitudes of the bright stars. If their relative variability between the two stars |∆m − ∆m |, where ∆m is the average value of all observations, was always below 0.05 mag and below the 3σ level of the photometric errors (i.e., ∆m was very stable), one of the stars was designated a comparison star. Otherwise, we continued searching for stars that satisfied the above criteria. A single comparison star was used in all epochs, unless different stars in different filters were required.
The quasars were subjected to relative photometry against these comparison stars and were classified as variable stars if their magnitude changed by more than 3σ and 0.05 mag. The total photometric error σqso in the quasar photometry (in units of magnitude) is defined as
where σ ph is the photometric error in the epochs to be compared and σstar is the weighted average of the variability of the comparison star, which is defined as
In Eq. (2), σij 2 is the sum of squares of the photometric error in the comparison star between epochs i and j. where the FWHM of the C IV broad emission line is measured from VLT/UVES archive spectra.
Properties of Sample Quasars
The quasar parameters of our targets were compared with those of ∼17,000 quasars at zem ∼ 2.0 -3.1 from the SDSS Data Release 7 (SDSS DR7) (see Figure 1 ). Our quasars demonstrate extremely large luminosity with a mean L bol = 2.29 × 10 48 ergs s −1 . Eight of our quasars qualify as super
Eddington with a mean Eddington ratio of ε = 3.02, although their black hole masses are comparable to those of the SDSS quasars in the same redshift range. The mean quasar luminosity and Eddington ratio of SDSS DR7 (cataloged by Shen et al. 2011 ) are 5.13×10 46 erg s −1 and 0.41 respectively.
The radio-loudness R = fν (5GHz)/fν (4400Å) was also collected from the literature or calculated from FIRST radio measurements. Two quasars (Q1157+014 and UM675) are classifiable as radio-loud (R > 10; Kellermann et al. 1989) , while the other 7 quasars are radio-quiet.
Spectroscopic Observation for HS1603+3820
We also performed spectroscopic monitoring observations of a single mini-BAL quasar (HS1603+3820) using the 188-cm Okayama Telescope with a Kyoto Okayama Optical Lowdispersion Spectrograph (KOOLS; Yoshida 2005) . For these observations, we selected a VPH495 prism, which is sensitive to 4,500-5,400Å and a 1.
′′ 8 slit (yielding R ∼1,100). The CCD was binned every 2 × 2 pixels.
Observations were performed from September 19, 2012 to May 21, 2015 over typical monitoring intervals of three months. Useful data were acquired on September 19 of 2012, May 30 of 2015, February 23 of 2015, and May 21 of 2015 (hereafter, these four periods are referred to as epochs 1, 2, 3, and 4). The observing log is listed in Table 3 .
Results
This section present the photometric variability results of each quasar determined from light curves. The quasar variability properties of the mini-BAL and NAL quasars are then compared by SFs and color variability analysis. The results are summarized in Figures 2 and 3 and in Table 4 .
Quasar variability
To examine the quasar variability of the nine mini-BAL / NAL quasars, we measured the standard deviation in the magnitude σm, the mean quasar variability |∆m| , the maximum magnitude variability |∆m|max, the mean quasar variability gradient |∆m/∆trest| , and the maximum quasar variability gradient |∆m/∆trest|max, following Borgeest and Schramm (1994) and G99. The mean values were calculated from all combinations of the observing epochs (e.g., from N C2 combinations , where N is the number of observing epochs.). The quasar variability gradient was defined as the quasar variability per unit time (year). These parameters are summarized in Table 4 . The maximum quasar variability and its gradient are listed even if their significance level is below 3σ.
The most remarkable trend is the larger quasar variabilities in bluer bands than those in redder bands. This wellknown property of quasars is repeatedly discussed in literature (e.g., Cristiani et al. 1997; VB04; Zuo et al. 2012; Guo & Gu 2014) . The largest quasar variabilities were exhibited by HS1603+3820 among the mini-BAL quasars (|∆umax| ∼0.23) and by Q1700+6416 among the NAL quasars (|∆umax| ∼0.30), while the largest variability gradients were exhibited by Q1157+014 among the mini-BAL quasars (|∆i/∆trest|max ∼5.0) and by Q1946+7658 among the NAL quasars (|∆g/∆trest|max ∼16.9).
Notes on Individual Quasars
HS1603+3820 (mini-BAL, zem=2.542, mV=15.9) -This quasar exhibited a violently variable mini-BAL profile with an ejection velocity v ∼ 9,500 km s −1 (Misawa et al. 2007b ).
Among the mini-BAL quasars in the present study, this quasar showed the largest variability in the u-band (|∆u| ∼ 0.23 mag) and the second largest variability in the g-band (|∆g| ∼ 0.19 mag) among our mini-BAL quasars. On the other hand, the mean and maximum quasar variability of HS1603+3820 were surprisingly small in the i-band (only ∼0.01 and ∼0.05 mag, respectively). For this quasar alone, we supplemented the photometric observations with spectroscopic observations. Obtained C IV mini-BALs in this quasar in each epochs are summarized in Figure 4 , and we measured the EW of the C IV mini-BAL and monitored its variability. The results are summarized in Figure 5 and Table 5 . The EW marginally varied between epochs 1 and 3 with absorption variability amplitude ∆EW = 6.0 ±4.2Å (significance level ∼1.5σ).
Q1157+014 (mini-BAL, zem=2.00, mV=17.6) -This radio-loud quasar (R = 471) was the faintest among our sample quasars. At the start of our monitoring campaign, Q1157+014 showed a rapid quasar variability in the i-band with an amplitude |∆i| ∼ 0.14 mag, much larger than those of the u-and g-band, between the first (April 2012) and second (May 2012) epochs. Thereafter, the magnitude variability remained high in the u-band and reduced in the i-band.
Q2343+125 (mini-BAL, zem=2.515, mV=17.0) -This quasar exhibited the largest Eddington ratio ε among our mini-BAL quasars (ε ∼4.90) and the smallest mean quasar variability in the g-band ( |∆g| ∼ 0.02). The quasar variability was only slightly larger in the i-band than in the g-band. Although Q2343+125 was observed only twice in the u-band, precluding an evaluation of its variability trend in that band, it appears that the quasar variability trends were consistent in all three bands. UM675 (mini-BAL, zem=2.15, mV=17.1) -This radioloud quasar (R = 438) has a sub-Eddington luminosity (ε =0.91) and exhibited the largest variability in the g-and iband among the mini-BAL quasars (|∆g| and |∆i| are ∼0.22 and 0.16 mag, respectively). Similar to Q2343+125, detailed trends in the u-band were precluded by the limited number of monitoring epochs.
Q0450-1310 (NAL, zem=2.30, mV=16.5) -The magnitude of this quasar suddenly changed (|∆g| ∼0.16 mag) in the g-band during the last three months of observations (from September 2013 to December 2013). The ∆m in the g-and iband largely differed from the 3rd to the 5th observing epochs, possibly because there were few observing epochs in the i-band.
Q0940-1050 (NAL, zem=3.080, mV=16.6) -The g-and i-band fluxes monotonically decreased during the monitoring campaign. The quasar variability amplitudes of the all bands were almost identical. In this case, the variable trend in the uband was obscured by the large photometric error, especially in the 2nd epoch. These errors were introduced by bad weather. Q1009+2956 (NAL, zem=2.644, mV=16.0) -Among our samples, this NAL quasar has the largest Eddington ratio (ε =7.21) and the smallest variability level in all bands (|∆m| ≤ 0.06 mag). Q1700+6416 (NAL, zem=2.722, mV=16.13) -The bolometric luminosity and black hole mass of this quasar were the largest among our samples. Q1700+6416 also exhibited the largest u-band variability (|∆u| ∼0.3 mag) among our samples. Q1946+7658 (NAL, zem=3.051, mV=15.85) -This quasar exhibited a cyclic quasar variability pattern with the highest half-year variability of the g-band magnitude in the quasar restframe (|∆g| ∼0.24 mag). Conversely, the i-band magnitude was very stable over the same observation term.
Structure Function Analysis
We now examine the effects of time-scale and wavelength on the quasar variability properties. These relationships are usually determined through SF analysis. For this purpose, we adopt the Structure Function (SF) proposed by di Clemente et al. (1996) ,
where |∆m(∆τ )| and σn = σ 2 m i + σ 2 m j are the magnitude variability and its photometric error, respectively, between two observing epochs separated by ∆τ = tj − ti in the quasar's rest-frame. The bracket denotes the averaged value in paired observing epochs with time-lags within a specific range (after separation into four bins). Note that the wavelength coverage of the u-, g-, and i-band in the rest frame depends on the quasar redshift (see Figure 6 ). However, because the distribution of the emission redshift was ∼2.5 in two-thirds of our samples (six out of nine quasars), we can investigate the wavelength dependence of the SF. Detailed trends are investigated later in this subsection. Figure 7 plots the SF as a function of time lag in the restframe for the u-, g-, and i-band. In all bands, the quasar variability increases with the time lag ∆τ . Because the observing epochs were fewer in the u-and i-band than in the g-band, they introduce larger errors in the SF. The SF is often fitted to a power-law (Hook et al. 1994; Enya et al. 2002; VB04; W08) :
where γ is the power-law index and the time scale ∆τp defined such that Sp(∆τp) equals 1 mag. The fitting parameters to this model are summarized in Table 6 . Note that because ∆τp has an extremely large uncertainty, especially for small samples such as ours (see W08), we replace it by Sp(∆τ = 100 days). The SFs were also fitted to the following asymptotic function (e.g., Trévese et al. 1994; Hook et al. 1994; Enya et al. 2002) :
where Va is the asymptotic value at ∆τ = ∞. Table 6 lists the best-fit parameters to this function, along with those of W08 and VB04.
3 In all cases, the quasar variability is higher at bluer than at redder wavelengths. Finally, to examine the wavelength dependence of SF, we fitted the SF to the following equation (VB04):
where A, B and λ0 are fit parameters. First, we separated our mini-BAL and NAL samples using a boundary time-lag of ∆τ = 90 days 4 in the rest-frame, then fitted the subsamples to 3 We emphasize that the rest-frame wavelength regions studied in the current work may differ from those in the literature. 4 The average time lag of all combinations of observing epochs in all bands (used as the criterion).
the above model. The fitting curves of our data and VB04's data are plotted in Figure 8 . The quasar variability clearly decreases with wavelength, as noted in literature (e.g., G99; VB04; de Vries et al. 2005; Zuo et al. 2012) . Moreover, the magnitudes of our SF are much lower than those of VB04's data because our mini-BAL / NAL quasars were much brighter than normal SDSS quasars in the same redshift range (Figure 1) . The trend of the fitting reflects the anti-correlation between quasar variability and luminosity. No clear differences are observed between mini-BAL and NAL quasars.
Color Variability
Color variability is among the most remarkable properties of quasars. Although our relative photometry cannot determine the true magnitudes of quasars (see section 2.3), the color variability can be evaluated through the cancellation of photometry shifts (δm). For example, we can write
where the subscripts on u1 and u2 denote the first and second observing epochs in the comparison. Figure 9 plots the ∆(u − g), ∆(u − i), and ∆(g − i) color variabilities as functions of quasar variability. The correlation properties of the mini-BAL and NAL quasars are summarized in Table 7 . The color and magnitude variabilities are positively correlated in both mini-BAL and NAL quasars (namely, brighter quasars tend to be bluer; hereafter called the BWB trend). The same phenomenon has been reported in normal quasars (e.g. G99; Webb & Malkan 2000; VB04; Sakata et al. 2010 Sakata et al. , 2011 Kokubo et al. 2014) . The correlation trends are consistent in the mini-BAL and NAL quasars.
The standard deviations of the quasar colors, the mean and maximum color variabilities, and the mean and maximum color variability gradients of the mini-BAL and NAL quasars, are listed in Table 8 . Again, no significant differences exist between the mini-BAL and NAL quasars, except for 5.4σ difference in the maximum color gradient of ∆(u − i).
Discussion
Quasar Variability Trends of Mini-BAL and NAL Quasars
Structure Function
Comparing the SF fitting parameters of the mini-BAL and NAL quasars to those of normal quasars reported in VB04 and W08 (Table 6) , we observe the following trends:
(i) The power-law indices γ of the mini-BAL and NAL quasars (γ ∼ 0.410±0.115, 0.264±0.056, and 0.436±0.115) were consistent with those of normal quasars reported in W08 (γ ∼0.43, 0.48, and 0.44) except in the g-band, although the rest-frame wavelength coverage differed among the quasar samples (being dependent on the redshift distribution of the quasar). Similar indices were obtained in a disk instability model 5 (γ = 0.41 ∼ 0.49; Kawaguchi et al. 1998) . No significant differences were observed between the mini-BAL and NAL quasars. (ii) In the asymptotic model Va, the asymptotic value at ∆τ = ∞ of mini-BAL / NAL quasars was approximately half that of normal quasars in the g and i-band. The same phenomenon was observed for S(∆τ = 100 days).
Color variability
The mini-BAL and NAL quasars exhibit similar colormagnitude variability (Table 7 ) and color variability (Table 8) with one exception: a 5.4σ difference in the maximum color gradients (MCGs; (|∆C/∆trest|)max). The 5.4σ difference in MCGs was observed between a mini-BAL quasar (HS1603+3820) and a NAL quasar (Q1700+6416) with BWB trends in ∆(u − i). In both quasars, the variability was maximum in the u-band and moderate in the i-band. However, the u − i variability developed over a shorter timeframe in Q1700+6416 than in HS1603+3820, which might explain the larger color variability gradient in the former than in the latter.
Correlation between EW and quasar variability
As shown in Figure 5 , the variability trends of the magnitude and EW of the C IV mini-BAL for HS1603+3820 were marginally synchronized with the quasar variability leading the EW variability. Specifically, the EW first increased from 2012 September (epoch 1) to 2015 February (epoch 3) with a marginal significance level of ∼ 1.5σ (∆EW = 6.0 ± 4.2) and then decreased from 2015 February to 2015 May (epoch 4), while the quasar brightness in the u-band first decreased from 2012 September to 2014 May and then increased from 2014 May to 2015 May. The time-lag of the marginal synchronizing trend in quasar and absorption line variabilities is about nine months (∼2.6 months in the quasar rest-frame). If we assume the time-delay corresponds to the recombination time from C V to C IV, we can place a lower limit on the absorber's gas density as ne ≥ 2.8 × 10 4 cm −3 by the same prescription as used in Narayanan et al. (2004) . Trévese et al. (2013) reported a similar synchronizing trend in a BAL quasar APM 08279+5255, although one of two NALs that are detected aside the BAL did not show such a synchronization. They suggested this was due to a larger recombina-5 Transient flares or blob formations caused by any instability should alter the luminosity.
tion time for the NAL absorber with smaller electron density compared to the other absorbers. Both of these results are not inconsistent to the VIS scenario.
The VIS Scenario
Assuming the VIS scenario, we now estimate the quasar variability that reproduces the observed absorption line variabilities of BAL and mini-BAL quasars reported in literature. If the VIS scenario holds, the absorption strengths will depend on the ionization condition of the absorber, which is quantified by the ionization parameter U
where Q is the number density of hydrogen-ionizing photons emitted from the continuum source per second, r is the distance between the absorber and the continuum source, and nγ and ne are the volume densities of the ionizing photons and electrons, respectively. Here, we assume the absorption line variability of (mini-)BALs is attributed to recombination to (or ionization from) C 2+ (case A, hereafter) and adopt the optimal ionization parameters for C 2+ and C 3+ (logU ∼ −2.8 and −2.0, respectively) (Hamann 1997) . Because at least one of our mini-BAL quasars (HS1603+3820) is unlikely to vary by the gas motion scenario (Misawa et al. 2005 (Misawa et al. , 2007b , we assume constant gas density ne. Therefore, the ionizing photon density nγ should increase/decrease by a factor of ∼6.3 to change log U from/to −2.8 to/from −2.0, corresponding to ∆m ∼ 2. For reference, a typical quasar varies by only ∆m ∼ 0.1 over several months and maximally varies by ∆m ∼ 0.5 over several years (Webb & Malkan 2000) . These variabilities are much smaller than the above-required value 6 .
However, C IV absorbers do not necessarily have an optimal ionization parameter for C 3+ (i.e., logU ∼ −2.0). As the other extreme case, if mini-BAL absorbers have logU ∼ −3.0, their ionization fraction f (i.e., a fraction of Carbon in ion state C 3+ )
is very sensitive to the ionization parameter (∆ logf/∆ logU ∼ 1.8; case B, hereafter), although it weakly depends on the shape of incident ionizing flux. Indeed, the value of ∆logf/∆logU for HS1603+3820, which is the only quasar among our sample for which the magnitude and EW of the CIV mini-BAL were simultaneously monitored over three years, is ∼1.1 between epochs 1 and 2 (∆logEW ∼ ∆log f ∼ 0.1) 7 and ∼2.0 between the epochs 1 and 3 (∆logEW ∼ 0.18), assuming ∆m ∼0.23 (the maximum quasar variability during our monitoring observations). These 6 Even if we attribute the absorption line variability to recombination to (or ionization from) C V (whose optimal ionization parameter is logU ∼ −1.2), the required magnitude variability would be almost same. 7 If absorbing clouds are optically thin (i.e., absorption lines are at a linear part of the curve-of-growth), ∆logEW is close to ∆logf, which is applicable for all mini-BALs in our sample except for one in Q1157+014.
values are expected for absorbers with ionization parameters of logU ∼ −3 -−2 (see Figure 2 of Hamann 1997) . If this is the case, an averaged amplitude of absorption variability in four C IV mini-BALs in our sample ( ∆ logEW ∼ ∆ logf ∼ 0.1) can be caused by only a small change of the ionizing flux, logU ∼ 0.06. This value corresponds to ∆m ∼ 0.14, comparable to a typical variability of our sample quasars as well as quasars in the literature (Webb & Malkan 2000) . The variability amplitude of CIV ionizing photons in shorter wavelength (λrest ∼ 200 A) may be even larger because of the anti-correlation between quasar variability and wavelength (see Section 3.3).
Thus, the case B is favorable for explaining the variability trend in HS1603+3820 with the VIS scenario. However, it has one shortcoming; four mini-BAL systems in our sample have either strong N V absorption lines or no remarkable Si IV absorption lines, which suggests their ionization condition is not as low as logU ∼ −3 (see Figure 2 of Hamann 1997) . Therefore, it is less likely that the case B alone causes the absorption variability of mini-BALs in our sample quasars.
Additional mechanism to support the VIS Scenario
The outflow wind variability may be caused by more than one mechanism. We speculate that the VIS scenario is accompanied by an additional mechanism, such as variable optical depth between the flux source and the absorber. One promising candidates is a warm absorber which has been frequently detected in X-ray spectroscopy (e.g., Gallagher et al. 2002 Gallagher et al. , 2006 Krongold et al. 2007; Mehdipour et al. 2012) . Warm absorbers were originally proposed to avoid over-ionization of the outflow winds (Murray et al. 1995) . Because warm absorbers are significantly variable in X-ray monitoring observations (e.g., Chartas et al. 2007; Giustini et al. 2010a, b) , the ionization condition of the UV absorber in the downstream might also vary. Indeed, in a photoionization model, Różańska et al. (2014) estimated that the C IV mini-BAL absorber lies within r = 0.1 pc of the quasar center. Similarly, the X-ray warm absorber is estimated to be within 0.1 pc of HS1603+3820. Ganguly et al. (2001) argued that NAL and BAL absorbers locate at high and low latitudes above the accretion disk equator, respectively. A radiation-MHD simulation by Takeuchi, Ohsuga and Mineshige (2013) also predicts no warm absorbers at very high latitudes. If this picture is correct, X-ray shielding is ineffective in the NAL outflow directions. Supporting this idea, X-rays are not strongly absorbed in NAL quasars (Misawa et al. 2008) . The model of Kurosawa and Proga (2009) supports that NAL absorbers are the interstellar media of host galaxies, which are swept up by the outflow wind. In this case, the absorbers should exhibit little variability because their volume density is very small (corresponding to a very long recombination time). Moreover, they are very distant (of the order of kpcs) from the continuum source, therefore they should be weakly influenced by the variable flux source. However, Hamann et al. (2013) find no evidence of strong X-ray absorption toward the outflows of either NAL or mini-BAL quasars. Instead of an X-ray warm absorber, they argue that small dense clumpy absorbers avoid over-ionization by self-shielding. In this case, we should expect no correlations between the absorption strengths of the UV and X-ray fluxes.
Summary
We performed i) photometric monitoring observations of four mini-BAL and five NAL quasars over more than three years and ii) spectroscopic observation for a single mini-BAL quasar (HS1603+3820) to investigate whether the VIS scenario can explain the absorption line variability in BALs and mini-BALs. Our main results are summarized below:
(1) Quasar variability increases with monitoring time-lag but decreases with observed wavelength, as previously reported in normal quasars. (2) Mini-BAL and NAL quasars become bluer as they brightened (the BWB trend), as often observed in normal quasars. (3) The quasar variability properties did not significantly differ between mini-BAL and NAL quasars, indicating that flux and color variabilities alone cannot account for the absorption line variabilities. (4) Quasar magnitude was marginally synchronized with absorption strengths in one mini-BAL quasar HS1603+3820, with the former temporally leading the latter. (5) The VIS scenario cannot causes the absorption variability of mini-BALs in our sample quasars unless the ionization condition of outflow gas is as low as logU ∼ −3. (6) The VIS scenario may require an additional mechanism that regulates incident flux to the outflow gas. The most promising candidate is X-ray warm absorbers with variable optical depth.
Before conclusively validating the VIS scenario, we need to simultaneously monitor the outflow and shielding material by UV and X-ray spectroscopies. The presented monitoring observations should also be performed on quasars with a wide range of luminosities and Eddington ratios to mask the anticorrelation effect between the luminosity/Eddington ratio and quasar variability.
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